We reviewed the records and radiographs of 381 patients with rheumatoid arthritis who had undergone silastic metacarpophalangeal joint replacement during the past 17 years. The number of implants was 1336 in the course of 404 operations. Implant failure was defined as either revision or fracture of the implant as seen on radiography. At 17 years, the survivorship was 63%, although on radiographs two-thirds of the implants were seen to be broken. Factors which improved survival included soft-tissue balancing, crossed intrinsic transfer and realignment of the wrist. Surgery to the thumb and proximal interphalangeal joint had a deleterious effect and the use of grommets did not protect the implant from fracture.
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About 600 000 people in the United Kingdom are affected by rheumatoid arthritis, most of whom have some involvement of the hand. The metacarpophalangeal (MCP) joint is the most commonly involved in the hand and replacement of this joint is an established procedure. The most commonly used implant, essentially a flexible hinge, is made of silastic and was designed by Swanson. 1 To date there have been many studies showing good results in the short-term (Table I) , but little is known about the long-term survivorship and complications of this implant. Most patients initially report good pain relief, increased range of movement and improved function.
However the implant receives a high-stress concentration during active flexion and an increasing number of patients return several years after surgery with pain and increasing deformity as a result of failure of the implant, often requiring a revision procedure.
During the past 23 years, 565 patients with rheumatoid arthritis have undergone MCP joint replacement (621 operations) at Wrightington Hospital. To date more than 1800 implants have been inserted. The surgical technique and post-operative management used followed those described by Swanson. 1 The objectives of this study were to determine the rates of survival of these implants, identify the nature and incidence of long-term complications and identify any predisposing factors leading to these complications.
Patients and Methods
We reviewed records of 381 patients who have had MCP joint replacement (1336 implants in 404 operations) during the past 17 years. There were 64 males and 317 females. The mean age of the patient was 58.7 years (29 to 92). Demographic data collected from the patients' notes identified all associated factors including details of previous surgery, other surgery at the time of MCP joint replacement and any subsequent revision surgery. Data from the other 184 patients were not included because their information was incomplete, follow-up was too short, or the patient had died or been lost early to follow-up. Radiographic evaluation. The patients' recent radiographs were examined to determine whether the implants were intact, severely deformed, or broken. All radiographs were taken according to a standard protocol and included a true anteroposterior (AP) and lateral views. An implant was recorded as intact if it had remained in a good position, without recurrence of significant ulnar deviation and without evidence of fracture. An implant was recorded as broken if ulnar deviation of more than 45˚ had recurred (Fig. 1) , when there was translation in either the coronal or the sagittal plane of the base of the proximal phalanx relative to the neck of the metacarpal of more than one half of the width of the implant (Fig. 2) , when there was proximodistal overlap of the base of the proximal phalanx and the neck of the metacarpal, when there were lucent lines or fragmentation of the mid-portion of the implant, the implant was seen to be broken at the distal stem ( Fig.  3) , or if the implant was broken into pieces (Fig. 4) .
We also defined the loss of implant integrity as an endpoint. Statistical analysis. Demographic data and measurements from radiographs were converted into SPSS (SPSS Inc, Chicago, Illinois) format. Survival curves were calculated using the Kaplan-Meier technique 2 for two terminal events, namely revision surgery and loosening of the implant. For comparative survivorship we used the log rank test (degree of freedom). Proportional hazards analysis (Cox's regression model) was used to assess the hazard rates for the two terminal events. 3 A forward stepwise procedure with entry of a covariate if its p value was <0.01 assumes that the underlying hazard rate is a function of independent variables. No assumptions were made about the nature or shape of the hazard function.
Retrospective studies of this type have a potential for internal bias, in which a systematic error may lead to an incorrect estimate of effect or association. Using only complete data minimised this. Multivariate analysis was used to control potential confounders, but it is possible that others yet unknown were present.
Results
Of 1336 implants, 76 were revised; more than half (39 implants) because of a broken implant. Other causes of revision included deformity, stiffness and silicone synovitis (Table II) . A Kaplan-Meier survival analysis (Fig. 5) revealed 83% survival at ten years and 63% survival at 17 years. The deterioration after the initial ten years was predominantly due to breakage. A similar analysis was calcu- lated for each hand rather than each finger (Fig. 6) . Of 404 hands, 37 underwent revision giving a survivorship of 55% at 17 years. There was no significant difference between survival as analysed by finger or hand.
Cox's regression analysis (Table III) identified a number of factors, which were associated with revision including surgery to the thumb (either carpometacarpal (CMC) arthroplasty or MCP joint fusion) or post-operative manipulation of fingers. Less pre-operative ulnar deviation at the MCP joint and the addition of a crossed intrinsic transfer, seemed to protect the implant and reduce the incidence of revision. For fractures of the implant as seen on radiographs, the Kaplan-Meier survivorship dropped to 58% at ten years and 34% at 17 years (Fig. 7) . The rate of decline was uniform.
We sought to identify any factors associated with fracture of the implant by using Cox regression models (Table  III) . Again surgery to the thumb seemed to have a deleterious effect, but so also did proximal interphalangeal (PIP) replacement of other fingers. Previous soft-tissue rebalancing of the MCP joint had a beneficial effect equivalent to less pre-operative ulnar deviation. We were also able to show that the greater the radial deviation at the wrist, the more likely the implants were to break and require revision (p = 0.023).
Finally we looked at the effect the presence of grommets, which were inserted to protect the implant from breakage, had on the failure or revision of the implant. There were 33 implants revised for fracture that did not have grommets but only six were revised with grommets in place. This was of borderline significance with a log rank statistic of 2.98 (df 1, p = 0.084). Log rank analysis indicates that the presence of grommets in 38 of 294 compared with 120 of 1042 without, does not result in fewer cases of fracture (log rank statistic 1.75, df 1; p = 0.19).
Discussion
This study confirms the previously reported good results with the Swanson silastic MCP joint arthroplasty. 4, 5 There was an 83% ten-year survival taking revision as the endpoint, deteriorating to 63% at 17 years. This secondary deterioration was associated with implant fatigue and ultimately fracture. The incidence of revision for fracture was 2.9% in this series, which lies at the lower end of the range when compared with other series (Table I) . If failure of the implant alone is taken as the end-point, the results are significantly worse. The survivorship at ten years was 58% and reduced to 34% at 17 years. Although after 17 years, two-thirds of the implants will be seen to be broken on radiographs, few will have required revision. This disparity indicates that while fracture of the implant may cause concern it certainly is not the clinical disaster it might be at a different site.
It might be possible to reduce the incidence of fracture by altering the design of the implant, particularly as it almost always breaks at the junction of the distal stem and the hinge. We also confirmed the findings of Kirschenbaum et al 6 who noted that particle synovitis is a very infrequent complication of this arthroplasty. Graph showing the cumulative survival of 1336 MCP joint replacements with failure defined as revision surgery to the finger.
Graph showing the cumulative survival of 1336 MCP joint operations with failure defined as fracture to the implant.
Of greater importance to the surgeon are our findings with regard to associated deformities and other procedures on the hand. A number of these such as CMC arthroplasty and MCP joint fusion of the thumb and PIP joint replacement of the fingers cannot be avoided. However, it seems from this study that soft-tissue rebalancing, either previously or at the time of surgery, has a significantly beneficial effect on the survival of the implant. Thus, there is also a lower incidence of revision when a crossed intrinsic transfer has been undertaken at the time of surgery. Separate analysis has shown that the long-term survival increases from 70% to 90% at 15 years if a crossed intrinsic transfer is added. While this has not been formally reported previously, others have noted persistent correction of ulnar deviation to be related to increased long-term survival. 7, 8 The more severe the pre-operative ulnar deviation deformity, the more likely it is that the implant will fail and need to be revised.
It may be that surgery should be undertaken sooner before deformity becomes too severe or at the same time as correction of the deformity by a combination of ligament release and repair. With regard to the wrist joint, significant radial deviation can lead to a higher rate of implant failure and revision. This would indicate, where possible, corrective surgery to the wrist should be undertaken either before or at the same time as the MCP joint surgery.
Post-operative manipulation under anaesthetic (MUA) of the fingers is also associated with a higher rate of revision. This may be due to excessive post-operative stiffness, moreover MUA has been shown not to be of significant benefit. We found the use of grommets does not seem to protect the implant, although fewer went on to revision; its use was not significant. This finding, despite the opinion of Swanson et al 9 and Schmidt et al, 10 does not support their continued use.
We confirm good results using the success of the Swanson silastic MCP joint prosthesis. Survival of the implant can be improved by soft-tissue balancing, particularly crossed intrinsic transfer, as well as realignment of the wrist.
